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[Title] THIN FILM TRANSISTOR AND METHOD OF MANUFACTURING THE 
SAME 

[ Abstract ] ( Amended ) 

[Object] In a thin film transistor, ON /OFF current ratio is 
raised by reducing the OFF-state current, without losing the 
controllability of impurity density at the portion the 
impurities are implanted and without decrease of the ON-state 
current . 

[Configuration] The portion of channel region 9 of a 
semiconductor layer 2 is oxidized to make thickness of the source 
region 10a and the drain region 10b greater than that of the 
channel region. Therefore, the controllability of impurity 
density in the source region 10a and the drain region 10b. into 
which the impurities are implanted, is not lost. If the 
semiconductor layer 2 has been formed thick beforehand, it will 
have excellent crystalline characteristics . Since the channel 
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region 9 is thinned by oxidization, the crystalline 
characteristics of the entire semiconductor layer 2 are not 
deteriorated, and the ON-state current increases. Since the 
source region 10a and the drain region 10b remain thick, the 
resistance of those regions becomes sufficiently low, and 
thereby, the ON-state current is hardly lowered. Since the 
thickness of the channel region is thinned, OFF-state current 
is reduced. Moreover, by applying an LDD structure to the 
semiconductor layer, the OFF-state current can be further 
reduced . Accordingly , a higher ON/OFF current ratio is obtained . 

[ Claims ] 

[Claim 1] A thin film transistor having a multi- layered 
structure formed of a semiconductor layer, a gate insulating 
film and a gate electrode, in this or the opposite order on 
an insulating substrate, wherein the semiconductor layer is 
further divided into three zonal sections of a channel region 
in its center portion, a source region on one side and a drain 
region on the other side, 

wherein the source region and the drain region of the 
semiconductor layer have greater thickness than that of the 
channel region, and each of the source region and the drain 
region has two regions of a lower impurity density region on 
a side adjacent to the channel region and a higher impurity 
density region on the other side. 
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[Claim 2] A method of manufacturing a thin film 
transistor having a multi-layered structure formed of a 
semiconductor layer , a gate insulating film and a gate electrode , 
in this or the opposite order on an insulating substrate , wherein 
the semiconductor layer is further divided into three zonal 
sections of a channel region in its center portion, a source 
region on one side and a drain region on the other side, said 
method comprising the steps of: 

forming a semiconductor layer; 

oxidizing selectively only the channel region of the 
formed semiconductor layer; 

implanting impurities of low density, using the oxidized 
film formed on the channel region as a mask, to form a source 
region on one side of the channel region in the semiconductor 
layer and a drain region on the other side thereof; and 

implanting impurities of high density outside the low 
impurity density regions to form high impurity density regions , 
with leaving the respective sides adjacent to the channel region 
of the source region and the drain region untouched as the low 
impurity density regions. 

[Detailed description of the invention] 
[0001] 

[Field of the invention] 
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The present invention relates to a thin film transistor 
(hereinafter referred to as TFT) . which is used as a switching 
element for a liquid crystal display device or a load element 
in a memory cell of a static RAM (SRAM) or the like, and to 
a method of manufacturing the same. 
[0002] 

[Background art] 

As TFT mentioned above. TFT shown in Figs. 5 and 6 is 
known, in TFT shown in Fig. 5. a semiconductor layer 3 2 made 
up of poly-silicon is formed on an insulating substrate 31. 
This semiconductor layer 32 is divided into three zonal sections . 
which are an N* source region and an N* drain region 40a and 
40b disposed on both sides thereof, and a channel region 39 
disposed between them. On the entire upper surface of the 
semiconductor layer 32 formed on the substrate 31. a gate 
insulating film 33 is formed except two places provided with 
contact holes 37a and 37b. and a gate electrode 34 is further 
formed on the gate insulating film 33 at the part above the 
channel region 39 . 
[0003] 

On the substrate 31 of this configuration, an interlayer 
insulating film 36 is formed, except on the contact holes 37a 
and 37b. The contact holes 37a and 37b are passing through the 
interlayer insulating film 36 and the gate insulating film 33. 
On the interlayer insulating film 36. electrodes 38a and 38b 
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axe formed over certain areas, with filling up partially the 
contact holes 37a and 37b. 
[0004] 

On the other hand, in TFT shown in Fig. 6, the structure 
similar to that in Fig. 5 is formed except the semiconductor 
layer 32. The semiconductor layer 32 is differently configured 
as follows: Between the channel region 39, which is formed on 
the center portion facing the gate electrode 34 of the 
semiconductor layer 32, and the source region 40a disposed 
on an end to the left hand, an N" low density source region 
41a having an impurity density lower than that of the source 
region 40a is formed; while, between the channel region 39 and 
the N + drain region 40b disposed on an end to the right hand, 
an N~ low density drain region 41b having an impurity density 
lower than that of the drain region 40b is formed . Such a structure 
is called LDD structure. 
[0005] 

And now, TFT is required to have a characteristic that 
lower leak current (OFF-state current) and higher ON-state 
current, i.e., a higher ON /OFF current ratio is required. 

[0006} 

The reason is that: in case used for a liquid crystal 
display device, the higher ON-state current is required for 
giving an electric charge to the pixel electrode in a shorter 
time period, and the lower OFF-state current is required for 
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holding the given charge for a period of one frame. Further 
in case used for SRAM , the lower OFF-state current is required 
for reducing the current consumption and the higher ON-state 
current is required for stabilizing the memory cell by improving 
its noise-resistant or radiation-resistant characteristics. 
[0007] 

The following technique for raising ON /OFF current ratio 
has been conventionally utilized. In case of , e.g. , poly-silicon 
TFT, the increase of ON-state current has been relied on 
improving the crystalline characteristics , in a manner of making 
the crystal particle size larger or the like. The reduction 
of OFF-state current, on the other hand, has been relied on 
forming a thin channel region 39, in a manner of making the 
semiconductor layer 32 of Fig. 5 thinner, or on employing the 
LDD structure in the semiconductor layer 32 as in Fig. 6. 
[0008] 

[Problems to be solved by the invention] 
However, in case the methods of making the semiconductor 
layer thinner or of employing the LDD structure are utilized 
as above , it has caused a problem that the reduction of ON-state 
current was resulted, and thereby it was impossible to obtain 
a sufficiently high ON /OFF current ratio. 

[0009] 

Namely, in the former case relying on making the 
semiconductor layer thinner , since the greater crystal particle 
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size could not be expected too much because of the thinner 
semiconductor layer, it was insufficient to achieve the 
improvement of crystalline characteristics and to obtain the 
increase of ON- state current. In addition to that, since the 
thickness of source region and drain region was also made thinner 
and it caused higher electrical resistance in those regions, 
the ON- state current of TFT was restricted by the resistance 
in the source and drain regions , and it resulted a lower ON- state 
current . 

[0010] 

On the other hand, in the latter case relying on LDD 
structure, in order to reduce OFF-state current, it has been 
required to lower the impurity density in the N" low density 
source region 41a and the N" low density drain region 41b, or 
to lengthen the length (LN~) of those regions 41a and 41b. In 
those cases, however, although OFF-state current could be 
reduced, ON-state current was also reduced and it was impossible 
to obtain a sufficiently high ON /OFF current ratio. 
[0011] 

Furthermore, in case the semiconductor layer was made 
thinner in addition to LDD structure, it caused another problem 
that the density controllability of the low density source and 
drain regions 41a and 41b, which governs TFT characteristics, 
was deteriorated. The reason is that, in the diffusion by ion 
implantation, the variance of ion implantation range (R P ) 
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exceeds the thickness of the semiconductor layer, into which 
the ion is implanted, and it leads to the deterioration of the 
density controllability. 
[0012] 

The present invention has been made from the viewpoint 
of solving those problems in conventional art , and accordingly, 
an object of the present invention is to provide a TFT and the 
method of manufacturing the same , in which ON/OFF current ratio 
can be improved by reducing the OFF-state current , without losing 
the controllability of impurity density at the portion the 
impurities are implanted and without lowering the ON- state 

current . 

[0013] 

[Means for solving the problems] 

A TFT, according to the present invention, having a 
mult i- layered structure formed of a semiconductor layer, a gate 
insulating film and a gate electrode, in this or the opposite 
order on an insulating substrate, wherein said semiconductor 
layer is further divided into three zonal sections of a channel 
region in its center portion, a source region on one side and 
a drain region on the other side, has the features that: the 
source region and the drain region of the semiconductor layer 
have greater thickness than that of the channel region, and 
each of the source region and the drain region has two regions 
of a lower impurity density region on one side adjacent to the 
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channel region and a higher impurity density region on the other 
side. The above -stated object can be achieved by the features. 
[0014] 

Further, a method of manufacturing a TFT , according to 
the present invention, having a multi-layered structure formed 
of a semiconductor layer, a gate insulating film and a gate 
electrode, in this or the opposite order on an insulating 
substrate, wherein the semiconductor layer is further divided 
into three zonal sections of a channel region in its center 
portion, a source region on one side and a drain region on the 
other side, comprises the steps of: forming a semiconductor 
layer; oxidizing selectively only the channel region of the 
formed semiconductor layer; implanting impurities of low 
density, using the oxidized film formed on the channel region 
as a mask, to form a source region on one side of the channel 
region in the semiconductor layer and a drain region on the 
other side thereof; and implanting impurities of high density 
outside the low impurity density regions to form high impurity 
density regions, with leaving the respective sides adjacent 
to the channel region of the source region and the drain region 
untouched as the low impurity density regions . The above-stated 
object can be achieved by this process. 

[0015] 

[Operation ] 



9 



In the present invention, the portion corresponding to 
the channel region of the semiconductor layer is oxidized to 
make the thickness of the source and drain regions greater than 
that of the channel region. Therefore, since the source and 
drain regions, into which impurities are implanted, are thick, 
the density controllability is not lost. Further, if the 
semiconductor layer has been formed thick beforehand, the 
semiconductor layer will have excellent crystalline 
characteristics. Furthermore, since the channel region is 
thinned by oxidization, the crystalline characteristics of the 
entire semiconductor layer are not deteriorated, and the 
ON- state current of the semiconductor layer increases . Moreover, 
since the source and drain regions remain thick, the resistance 
of those regions becomes sufficiently low, and thereby, the 
ON- state current is hardly lowered. 
[0016] 

On the other hand, since the thickness of the channel 
region is thinned, OFF- state current is reduced. Moreover, by 
applying an LDD structure to the semiconductor layer, the 
OFF- state current can be further reduced. Accordingly, a higher 
ON/OFF current ratio is obtained. 

[0017] 
[ Embodiment s 3 

Hereinafter, embodiments of the present invention will 
be described. 
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[0018] 

( Embodiment 1 ) 

A TFT according to this embodiment is shown in Fig. 1. 
In this TFT, a semiconductor layer 2 made up of poly- silicon 
is formed on an insulating substrate 1. The semiconductor layer 
2 has zonal regions, which are divided into three sections, 
the three sections being a thick source region 10a on one side, 
a thick drain region 10b on the other side, and a thin channel 
region 9 between those regions. Each of the source region 10a 
and the drain region 10b is further divided into two zonal regions 
of lower impurity density regions 11a, lib on the sides adjacent 
to the channel region 9, and higher impurity density regions 
12a, 12b on the outer sides, respectively. 
[0019] 

Above the substrate 1, on which the semiconductor layer 
2 is formed, a gate insulating film 3 is formed, entirely except 
two places provided with contact holes 7a and 7b, and a gate 
electrode 4 is further formed on the gate insulating film 3 
over a broader area than the part corresponding to the channel 
region 9 . 

[0020] 

On the substrate 1 of this configuration, an interlayer 
insulating film 6 is formed, except on said contact holes 7a 
and 7b. The contact holes 7a and 7b are passing through the 
interlayer insulating film 6 and the gate insulating film 3. 
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On the interlayer insulating film 6, electrodes 8a and 8b are 
formed over certain areas , with filling up partially the contact 
holes 7a and 7b. 
[0021] 

Next . a method of manufacturing TFT having such a structure 
will be described based on Fig. 2. Firstly, as shown in Fig. 
2(a), a semiconductor layer 2 made up of poly-silicon was formed 
on an insulating substrate 1. As the insulating substrate 1, 
e.g., a quartz substrate, a Si substrate coated with an 
insulating film, Si0 2 , Si 3 0 4 , etc. , was used. The semiconductor 
layer 2 on the substrate 1 was formed, e.g., by using Si 2 H 6 
(disilane) with N 2 added as the raw material gas, depositing 
an amorphous silicon of 1000 angstrom, with using the low 
pressure CVD method at a temperature of 4 70 °C and a pressure 
of 50 Pa, and then heat-treating to produce a polycrystalline 
structure. The heat treatment was conducted, e.g., by annealing 
in a heat treatment furnace at a temperature of 600 °C and under 
an atmosphere of N 2 for 24 hours. Secondly, the polycrystalline 
semiconductor layer 2 is processed to form an insular pattern, 
using a common technique. In connection with these processes, 
the formation of the amorphous silicon may be conducted by a 
plasma CVD method or a sputtering method. Further, the 
poly-crystallization may be carried out by a laser annealing 
method. Besides, the semiconductor layer 2 is preferably formed 
as thick as possible, for the greater the thickness of amorphous 
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silicon is, the more the crystalline characteristics would be 
improved. 

[0022] 

Then, as shown in Fig. 2(b), a silicon dioxide (Si0 2 ) 
film 21 and a silicon nitride (Si 3 N 4 ) film 22 were formed on 
the substrate 1, on which the semiconductor layer 2 has been 
formed , in this order from the substrate side . Each of the silicon 
dioxide (Si0 2 ) film 21 and the silicon nitride (Si 3 N 4 ) film 22 
was deposited, e.g., by the low pressure CVD method, to the 
thickness of 210 angstrom and 400 angstrom, respectively. 
[0023] 

Then, with respect to only upper silicon nitride film 
22, said part the channel region 9 to be formed was removed 
by etching, and was exposed to dry 0 2 (oxygen) of 950 °C, to 
oxidize the channel region, and the part of the semiconductor 
layer 2 not covered with silicon nitride film 22 is made thinner 
to form the channel region 9, as shown in Fig. 2(c) . And then, 
a thick poly- silicon oxide film 23 was formed above the channel 
region 9 . Thus formed poly-silicon oxide film 23 has a thickness 
of 1600 angstrom, while remaining silicon oxide film 21 has 
a thickness of 200 angstrom. In this oxidizing process, a thin 
channel region 9 can be formed by the mechanism that the 
oxidization is suppressed by the silicon nitride film 22 but 
is allowed to progress at only part of the semiconductor layer 
2 not covered by the silicon nitride film 22. 
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[0024] 

After that, only silicon nitride film 22 was removed, 
e.g. , by a hot phosphoric acid, as shown in Fig. 2(d) , and the 
ion implantation of, e.g., phosphorus (P*) was performed to 
the semiconductor layer 2, with using the poly-silicon oxide 
film 23 formed on the channel region 9 as a mask:. The conditions 
of ion implantation were, e.g. , a voltage of 40 keV and an ion 
implantation density of 2 x 10 13 cm" 2 . The parts of the 
semiconductor layer 2 where the ion was implanted form the source 
region 10a and the drain region 10b. 

[0025] 

Then, as shown in Fig. 2(e), the silicon oxide film 21 
including the poly- silicon oxide film 23 was removed by etching 
etc. , and a gate insulating film 3 made up of , e.g. , SiO z was 
formed to a thickness of 1000 angstrom by the CVD method on 
the substrate 1. Further, on the gate insulating film 3 and 
at the part above the channel region 9 , a gate electrode 4 made 
up of phosphorus -doped poly-silicon was formed to a thickness 
of, e.g., 4500 angstrom, with covering partially the respective 
parts above said source region 10a and said drain region 10b. 
Subsequently, with using the gate electrode 4 as a mask, the 
ion implantation of phosphorus (P + ) was performed to the 
semiconductor layer 2 . The conditions of ion implantation were , 
e.g. , a voltage of 100 keV and an ion implantation density of 
1 x 10 IS cm" 2 . By this ion implantation, high impurity density 
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regions 12a, 12b were formed at the respective outer parts of 
the source and drain regions 10a and 10b, while the parts covered 
by said gate electrode 4 remained to be low impurity density 
regions 11a, lib. At the same time, the part between the low 
impurity density regions 11a, lib remained to be the channel 
region 9. Here, below the gate electrode 4, there exist both 
low impurity density regions 11a, lib and the channel region 
9 . 

[0026] 

Then, as shown in Fig. 1, an interlayer insulating film 
6 of 6000 angstrom thick was formed over the substrate 1, e.g. , 
by the CVD method. And a heat treatment was conducted for 
activating the impurities . The conditions of the heat treatment 
were, e.g., heating at a temperature of 950 °C for 30 minutes 
under the atmosphere of nitrogen. After that, contact holes 
7a, 7b were opened at two places, so that those holes can pass 
through the interlayer insulating film 6 and the gate insulating 
film 3 to reach the source region 10a and the drain region 10b, 
respectively, and electrodes 8a, 8b were formed by filling 
partially the contact holes 7a, 7b with a conductive material 
such as Al. 

[0027] 

In thus configured TFT, accordingly, the part of the 
semiconductor layer 2 corresponding to the channel region 9 
has been oxidized, and it made the thickness of the source and 
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drain regions 10a and 10b of the semiconductor layer 2 greater 
than that of the channel region 9 . That is , the source and drain 
regions 10a and 10b, into which the impurities are implanted, 
are thick enough, and thereby the density controllability is 
not deteriorated. Further, if the semiconductor layer 2 has 
been formed thick beforehand, the semiconductor layer 2 will 
have excellent crystalline characteristics . Furthermore, since 
the channel region 9 is thinned by oxidization, the crystalline 
characteristics of the entire semiconductor layer 2 are not 
deteriorated, and thereby the ON-state current increases. 
Moreover, since the source and drain regions 10a and 10b remain 
thick, the resistance of those regions 10a and 10b becomes 
sufficiently low, and thereby the ON-state current is hardly 
lowered. 

[0028] 

On the other hand, since the thickness of the channel 
region 9 is thinned, OFF- state current is reduced. Moreover, 
by applying an LDD structure to the semiconductor layer 2, the 
OFF- state current can be further decreased. Accordingly, a 
higher ON/OFF current ratio is obtained. 
[0029 ] 

(Embodiment 2) 

Another embodiment according to the present invention 
is shown in Fig. 3. In this embodiment, contrarily to the 
Embodiment 1, a semiconductor layer 2 is formed above a gate 



16 



electrode 4 with a gate insulating film 3 interposed therebetween . 
A method of manufacturing TFT having such a structure will be 
described based on Fig . 4 . 
[0030] 

Firstly, as shown in Fig. 4(a), a gate electrode 4 made 
up of phosphorus -doped poly- silicon was formed at a 
predetermined area on an insulating substrate 1, and on the 
entire substrate 1 with the gate electrode 4 formed thereon, 
a gate insulating film 3 was formed. The gate electrode 4 was 
formed, e.g., by depositing phosphorus -doped poly-silicon to 
a thickness of 4500 angstrom, and the gate insulating film 3 
was formed, e.g., by using the CVD method to deposit SiQ 2 to 
a thickness of 1000 angstrom. 
[0031] 

Next, as shown in Fig. 4(b), the semiconductor layer 2 
made up of poly-silicon was formed on the substrate 1. This 
semiconductor layer 2 was formed in a manner similar to the 
Embodiment 1. Namely, it was performed, e.g., by using Si 2 H 6 
(disilane) with N 2 added as the raw material gas, depositing 
an amorphous silicon of 1000 angstrom, with using the low 
pressure CVD method at a temperature of 4 70 °C and a pressure 
of 50 Pa, and then heat-treating to produce a polycrystalline 
structure. The heat treatment was conducted, e.g. , by annealing 
in a heat treatment furnace at a temperature of 6 00 °C and under 
an atmosphere of N 2 for 24 hours. Subsequently. the 
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polycrystalline semiconductor layer 2 is processed to form an 
insular pattern, using a common technique. In connection with 
these processes, the formation of the amorphous silicon may 
be performed by a plasma CVD method or a sputtering method. 
Further, the poly-crystallization may be carried out by a laser 
annealing method. 
[0032] 

Then, as shown in the same figure, a part of the 
semiconductor layer 2 corresponding to the channel region 9 
was made thinner. This process of thinning was performed in 
a manner similar to the Embodiment 1. Namely, on the substrate 

1 with the semiconductor layer 2 formed thereon, a silicon 
dioxide (Si0 2 ) film 21 and a silicon nitride (Si 3 N 4 ) film 22 
(not shown) were formed in this order from the substrate side, 
and, with respect to only upper silicon nitride film, the part 
corresponding to the channel region 9 to be formed was removed 
by etching and exposed to dry 0 2 (oxygen) of 950 °C , to oxidize 
the channel region, and the part of the semiconductor layer 

2 not covered with silicon nitride film is made thinner to form 
the channel region 9. And then, a thick poly- silicon oxide film 
23 was formed above the channel region 9. 

[0033] 

After that , the only upper silicon nitride film was removed 
by a hot phosphoric acid, and phosphorus (P + ) was implanted 
into the semiconductor layer 2, with using said poly-silicon 
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oxide film 2 3 as a mask, to form the source region 10a and the 
drain region 10b- The remaining part became the channel region 
9. The conditions of ion implantation were, e.g., a voltage 
of 40 keV and an ion implantation density of 2 x 10 13 cm" 2 . 
[0034] 

Then, as shown in Fig. 4(c), a patterned resist 24 was 
generated on the silicon oxide film 2 1 including the poly- silicon 
oxide film 23 , and , with using the resist 24 as a mask , phosphorus 
(P + ) was ion- implanted into the source region 10a and the drain 
region 10b. 

The conditions of ion implantation were, e.g. , a voltage 
of 40 keV and an ion implantation density of 1 x 10 15 cm" 2 . By 
this ion implantation, high impurity density regions 12a, 12b 
were formed on the respective outer parts of the source and 
drain regions 10a and 10b. On the parts covered by the resist 
24 of the source and drain regions, the low impurity density 
regions 11a and lib remained. At the same time, on the part 
between the low impurity density regions 11a and lib , the channel 
region 9 remained. Here, above the gate electrode 4, the 
patterned resist 24 was generated to remain both low impurity 
density regions 11a, lib and the channel region 9. 

[0035] 

Then, as shown in Fig. 3, after removing the resist 24, 
an interlayer insulating film 6 was formed on the substrate 
1 . And a heat treatment was conducted for activating the 
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impurities. The conditions of the heat treatment were, e.g., 
heating at a temperature of 950 °C for 30 minutes under the 
atmosphere of nitrogen. After that, contact holes 7a, 7b were 
opened at two places, so that those holes can pass through the 
interlayer insulating film 6 to reach the source region 10a 
and the drain region 10b, respectively, and electrodes 8a, 8b 
were formed by filling up partially the contact holes 7a, 7b 
with a conductive material such as Al . 
[0036] 

Also in this TFT, accordingly, the density 
controllability is not deteriorated , and a higher ON/OFF current 
ratio can be obtained, as before. 

[0037] 

[Effect of the invention] 

According to the present invention, as described in detail 
heretofore, a higher ON/OFF current ratio can be obtained, and 
thereby. When it is applied to a liquid crystal display device, 
it enables the pixel electrode to be charged in a shorter time 
period, and the given charge to be fully held for a period of 
one frame . Further in case used for SRAM, the current consumption 
can be reduced, and thereby its noise-resistant or 
radiation-resistant characteristics can be improved, realizing 
the stabilization of the memory cell. Moreover, the source and 
drain regions, to which impurities are implanted, are thick 
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enough, and thereby the density controllability is not 
deteriorated . 

[Brief description of drawings] 

[Fig. 1] is a sectional view of an embodiment of TFT 
according to the present invention. 

[Fig. 2] is a diagram (sectional views) showing the steps 
of manufacturing process for the same TFT. 

[Fig. 3] is a sectional view of another embodiment of 
TFT according to the present invention. 

[Fig. 4] is a diagram (sectional views) showing the steps 
of manufacturing process for the another embodiment of TFT. 

[Fig. 5] is a sectional view of a conventional TFT. 

[Fig. 6] is a sectional view of another conventional TFT. 

[Explanation of symbols] 

1 — substrate 

2 — semiconductor layer 

3 — gate insulating film 

4 — gate electrode 

6 — interlayer insulating film 

7a, 7b — contact hole 

8a, 8b — electrode 

9 — channel region 

10a — source region 

10b — drain region 
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11a, lib — low impurity density region 
12a, 12b — high impurity density region 

21 — silicon oxide film 

22 - silicon nitride film 

23 _ poly- silicon oxide film 

24 — resist 
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